The aim of this study was to assess the association between perinatal status and insulin resistance in neonates during the birth period. The subjects were 49 neonates (27 boys, 22 girls) who had been admitted to the neonatal intensive care unit at Nihon University Itabashi Hospital within 2 h after birth. We retrospectively analyzed the associations between perinatal status (Apgar score, sex, gestational age, birth weight, etc.) and insulin resistance (assessed by plasma immunoreactive insulin (IRI), plasma cortisol, homeostatic model analysis ratio (HOMA-R), quantitative insulin sensitivity check index (QUICKI), plasma glucose/IRI ratio, and plasma IRI/cortisol ratio) based on the medical records. The preterm neonates had significantly lower plasma cortisol levels (P = 0.02) and significantly higher plasma IRI/cortisol ratios (P = 0.04) compared with the full-term neonates. No significant differences were found in any of the parameters between neonates with asphyxia and those without. In cases with hyperinsulinemia, male predominance was significant (P < 0.01) in neonates with hypoglycemia; furthermore, birth weight, HOMA-R, and plasma glucose/IRI ratio tended to be lower (P = 0.07, P = 0.01 and P < 0.01, respectively), while QUICKI and plasma IRI/cortisol ratio tended to be higher (P = 0.02 and P = 0.09, respectively) in neonates with hypoglycemia compared with those without. One possible reason for these findings could be the immaturity of the hypothalamic-pituitary-adrenal axis in preterm infants. There was no significant correlation between perinatal status and the indices of insulin resistance in neonates during the birth period.
Introduction
Several studies have demonstrated that the prevalence of low birth weight neonates is higher in older mothers, those who receive excess weightmanagement guidance, and those who diet during pregnancy. Using epidemiological studies, Barker et al. 1) showed that irreversible tissue damage and suppressed fetal growth were risk factors for developing cardiovascular disease and type 2 diabetes mellitus in adulthood. When the fetus is exposed to malnutrition in utero, fetal growth adapts to the intrauterine environment, possibly leading to insulin resistance (thrifty phenotype) 2) , which is not the origin of metabolic syndrome as previously speculated 3) . The fetus receives a sustained supply of glucose from the mother through the placenta and does not experience hypoglycemia in utero. However, the plasma glucose level rapidly decreases after birth because the neonate's blood supply is separated from the placenta. In response to such hypoglycemia, insulin secretion is suppressed, insulin-antagonistic hormones (e.g., cortisol) are secreted increasing blood glucose level, and glycogen and lipids are catabolized.
Small for gestational age (SGA) neonates have lower glycogen stores in the liver, and the activity of glycolytic enzymes makes them prone to hypoglycemia as a result of immature development. Moreover, SGA neonates with neonatal asphyxia, which cause stress and insulin secretion, have been reported to exhibit transient hypoglycemia [4] [5] [6] [7] . A study in sheep fetuses revealed elevated cortisol levels as a result of chronic hypoxic stress, which has been proposed as a mechanism in the onset of metabolic syndrome in adulthood 8) . However, to our knowledge, there are no reports regarding the evaluation of insulin resistance in the birth period.
Therefore, in this retrospective study, we aimed to assess the association between perinatal status and insulin resistance in neonates in the birth period. We analyzed the perinatal status (Apgar score, sex, gestational age, birth weight, etc.) in the birth period by using medical records and investigated the association between these factors and insulin resistance (assessed by plasma immunoreactive insulin (IRI), plasma cortisol, homeostatic model analysis ratio (HOMA-R), quantitative insulin sensitivity check index (QUICKI), plasma glucose/IRI ratio, and plasma IRI/cortisol ratio).
Subjects and Methods
The subjects were 49 neonates (27 boys, 22 girls). Overall, 21 neonates were diagnosed with SGA with a birth weight below the 10 th percentile, 25 neonates were considered appropriate for gestational age (AGA) with a birth weight in the 10 th to 90 th percentiles, and 3 neonates were diagnosed as heavy for date (HFD) with birth weight over the 90 th percentile. The inclusion criteria of the study were as follows: neonates born by vaginal delivery or cesarean section. The gestational age ranged from 32 to 40 weeks; 23 neonates were born at <37 weeks of gestational age, and 26 neonates were born at ≥37 weeks' gestational age. Full-term neonates with body weight less than 2200 g and neonates with need for transiently oxygen therapy are included this study. The exclusion criteria of the study were as follows: neonates who had chromosomal abnormalities and congenital malformations, neonates whose birth weight was <1000 g, and neonates born to mothers who received insulin therapy. For the neonates included in the study, 3 mothers had gestational diabetes mellitus and were treated with dietary management (HbA 1C values controlled between 4.9% and 5.2%), and 7 mothers had pregnancy-induced hypertension.
The body weight of each neonate was determined to the nearest gram with an electronic scale. The Apgar score is a value describing the neonate in the first minute of life, and a value of <7 points suggests neonatal asphyxia 9) . Samples of venous blood before the infusion of glucose and before suckling were collected within 2 h after birth. We measured plasma glucose, serum 3-hydroxybutyric acid, serum free fatty acid (FFA), serum lactic acid, hemoglobin (Hb), plasma adrenocorticotropic hormone (ACTH), plasma cortisol and plasma IRI to evaluate insulin resistance. Hypoglycemia was defined as plasma glucose level below 40 mg/dl 10) . Hyperinsulinemia was defined as plasma IRI ≥ 2 μU/ml, as proposed by Hasegawa et al. 11) The plasma cortisol level was measured by the electrochemiluminescence immunoassay method (reference value 6.2-19.4 μg/dl). Insulin resistance was also evaluated using HOMA-R (= fasting plasma glucose × fasting plasma IRI/405), QUICKI (= 1/[log (fasting plasma IRI) + log (fasting plasma glucose)]) 12, 13) , plasma glucose/IRI ratio, and plasma IRI/cortisol ratio 14) .
The main analyses compared insulin resistance between two groups, such as male and female neonates, preterm and full-term neonates, neonates with SGA and neonates with AGA, the presence or absence of asphyxia, and the presence or absence of hypoglycemia in hyperinsulinemia. Sub-analyses were performed by simple regression analysis for factors affecting insulin resistance.
All statistical analyses were performed using the statistical package JMP ver. 9 (SAS Institute Inc., serial number KXW0Y9JJ0B). The data are expressed as median values (interquartile range [IQR]). The group differences in measured parameters were analyzed by the Mann-Whitney U-test and χ 2 test. Simple regression analysis was used to assess the correlation between variables. P < 0.05 was considered to indicate statistical significance.
Informed consent was obtained from all the parents of the subjects, and this study was approved by the Ethics Committee of Nihon University, Itabashi Hospital (RK-130308-5).
Results

Subjects characteristics
Subjects' characteristics (median and IQR) by sex are shown in Table 1 -1. There were no significant differences in any of the data for perinatal status between sexes. The insulin resistance as assessed by HOMA-R, QUICKI, plasma glucose/IRI ratio, and plasma IRI/cortisol ratio did not differ significantly between sexes.
Comparison of clinical data between full-term and preterm neonates
Serum 3-hydroxybutyric acid, serum FFA, and plasma cortisol were significantly higher in fullterm neonates than in preterm neonates (P < 0.01, P < 0.01, and P < 0.02, respectively). The plasma IRI/ cortisol ratio was significantly lower in full-term neonates than in preterm neonates (P = 0.04) ( Table  1- 2) . No significant differences were noted in the other parameters between the two patient groups.
Comparison of clinical data between SGA neonates and AGA neonates
No significant differences were found in any of the parameters, including the factors associated with insulin resistance between full-term SGA neonates and full-term AGA neonates.
Serum levels of 3-hydroxybutyrate and FFA were significantly higher in preterm SGA neonates than in preterm AGA neonates (P = 0.07 and P = 0.01, respectively). Moreover, Hb was also significantly higher in preterm SGA neonates than in preterm AGA neonates (P < 0.01). No significant differences were observed in the other parameters, including factors associated with insulin resistance, between the two patient groups. (Table 1-3-1, Table 1 -3-2). 
Comparison of clinical data between neonates with asphyxia and neonates without asphyxia
No significant differences were found in any of the parameters between neonates with asphyxia and neonates without asphyxia (Table 1-4).
Comparison of clinical data between neonates showing hyperinsulinemia with and without hypogly cemia
We compared clinical data between neonates with hyperinsulinemia and hypoglycemia and neonates with hyperinsulinemia without hypoglycemia. In total, there were 10 neonates with hyperinsulinemia and hypoglycemia and 11 neonates with hyperinsulinemia without hypoglycemia. Significant male predominance was noted in neonates with hypoglycemia as com-pared to neonates without hypoglycemia (P < 0.01). Birth weight, HOMA-R, and plasma glucose/IRI ratio tended to be lower (P = 0.07, P = 0.01 and P < 0.01, respectively), while QUICKI and plasma IRI/cortisol ratio tended to be higher (P = 0.02 and P = 0.09, respectively) in neonates with hypoglycemia than in neonates without hypoglycemia (Table 1-5).
Simple regression analysis between indicators of perinatal status and indicators of insulin resistance
We conducted a simple regression analysis between indicators of perinatal status and indicators of insulin differences pertaining to the perinatal status and insulin resistance in the birth period. Hb value as an indicator of the existence of asphyxia in a neonate tended to have a positive correlation with the plasma IRI value (P = 0.07). The mother's BMI as an indicator of nutritional status in a neonate did not show a significant correlation to HOMA-R, and tended to be negatively correlated to QUICKI (P = 0.07). Serum FFA as an indicator of nutritional status in the neonate tended to have a positive correlation with the plasma glucose/IRI ratio (P = 0.05). Gestational age and birth weight as indicators of premature status in a neonate tended to be negatively correlated with plasma IRI/cortisol ratio (P = 0.08 and P = 0.05, respectively). As mentioned previously, none of these relationships were statistically significant. It has been reported that excessive body weight gain after birth causes insulin resistance, thereby increasing the risk of metabolic syndrome and future obesity 17) . However, it seems difficult to evaluate insulin resistance immediately after birth in the neonatal period. Thus, it is necessary to continually examine the factors as sociated with insulin resistance after birth.
Cortisol is considered the main substance responsible for fetal programming 18) . Seckl et al. 19) reported that maternal and fetal plasma cortisol levels in rats were increased by inducing malnutrition through the administration of dexamethasone to the mother. The fetus does not receive a large amount of cortisol from Table 2) . No significant correlations were found in any of the parameters studied in the neonates in the birth period.
Discussion
The concept of insulin resistance was suggested by Berson and Yallow in 1960 15) at the individual level, but it has been subsequently proposed as a condition at the physiological level related to higher plasma IRI demand corresponding to insulin action and expression. Insulin promotes fetal growth and the secretion of growth factors such as IGF-1. It is thought that insulin sensitivity in the neonatal period is higher than that in the adult period for rapid increases in height and weight. Hofman et al. 16) proposed the fetal salvage theory as the mechanism by which the fetal environment is involved in the development of lifestyle-related diseases, such as type 2 diabetes mellitus. According to this theory, when malnutrition occurs in the fetus, insulin resistance occurs in the first peripheral tissues, and nutrients such as glucose are allocated primarily to vital organs such as the brain. Consequently, the number and function of glucose transporters in skeletal muscles decrease, and higher insulin secretion is needed to regulate glucose metabolism.
To our knowledge, there are no reports regarding the evaluation of insulin resistance in the birth period. In this study, we did not identify significant the mother even if the mother is exposed to a stressful environment. Murotsuki et al. 8) reported that chronic hypoxia was repeatedly induced by embolization in sheep fetal placenta. The results included fetal growth retardation, and the long-term stress caused by the intrauterine environment affected the adrenal system (hypothalamic-pituitary-adrenal (HPA) axis) of the fetus by stimulating chronic and excessive cortisol secretion. In the present study, the plasma levels of IRI, ACTH, cortisol, and IRI/cortisol ratio affected the HPA axis, manifesting as significant differences in neonates showing hyperinsulinemia with and without hypoglycemia. There were no significant differences between full-term or preterm SGA and AGA neonates, and no significant differences were noted in these indicators between neonates with and without asphyxia. Stress during the prenatal period leads to exposure to high concentrations of plasma cortisol, and a poor nutrition environment causes reduction in the negative feedback from the hippocampus to the HPA axis. Therefore, the HPA axis shows an excessive reaction as compared with the response to a high level of ACTH, which is inconsistent with the results of previous reports [20] [21] [22] . The reasons for this change in the control mechanism, that is, in the HPA axis, are presumed to differ according to the type and timing of various environmental stimuli. However, we could not find any differences between neonates with and without asphyxia with respect to the serum level of lactic acid and plasma levels of ACTH and cortisol. We evaluated asphyxia by using the Apgar score; however, the it might be inadequate for evaluating perinatal stress 23) . In the present study, the plasma cortisol level was significantly higher and plasma IRI/cortisol ratio was significantly lower in full-term neonates than in preterm neonates. We speculate that the reason for this difference in plasma cortisol might be the immature adrenal function in preterm neonates compared with full-term neonates.
On the other hand, we found that the plasma IRI/ cortisol ratio tended to be negatively correlated with gestational age and birth weight. Here, male sex, preterm birth, and low birth weight were found to be possible factors affecting hypoglycemia with hyperinsulinemia. Previous studies have demonstrated that prematurity and low birth weight may be factors that increase insulin resistance 24) . A possible reason for our findings could be the immaturity of the HPA axis in the preterm infants.
This study has some limitations. The study was restricted to a single medical institution. In addition, the retrospective nature of the study and small number of subjects necessitates further studies that include larger patient populations.
Conclusions
No significant correlations were noted between the perinatal status and insulin resistance in neonates in the birth period. No significant differences were found in any of the parameters between neonates with asphyxia and neonates without asphyxia. Preterm neonates might have immature adrenal function as compared with full-term neonates. Male sex, preterm birth, and low birth weight were identified as factors that potentially affect hypoglycemia with hyperinsulinemia.
